INTRODUCTION
In any epidemiologic study of cardiovascular disease, it is necessary to standardize the methods used to measure total serum cholesterol (CH) and triglyceride (TG). Standardization not only allows for comparisons between studies, but also aids in the evaluation of secular changes within a single study group and permits the results from different surveys to be pooled1). Since 1968, the Center for Adult Diseases (CAD) in Osaka has been a participant in the Cooperative Lipid Standardization Program2) of the Center for Disease Control (CDC) in Atlanta, Georgia, and after a four-year series of studies CH and TG standardization has been achieved3). Based on instructions from the CDC, the present authors (OCU) standardized the measurements under CAD controls until they were admitted to the program itself.
In the two-year period beginning in 1979, standardization has been possible, although the following problems were encountered. 1) As opposed to the hospital laboratory situation requiring daily measurements, the field survey took such measurements only two or three times a year.
2) Staff members who do not habitually make analyses had to analyze 1,000 to 2,000 serum samples per 10 days.
3) Since the results were supposed to be reported to the subjects as soon as possible, multiple serum samples had to be analyzed quickly. To conclude, it was extremely difficult for the plural staff members to analyze the required samples within the range allowed for precision and accuracy. The present report discusses the method of standardization developed.
METHODS
Total serum cholesterol (CH) was measured by the Lieberman-Buchard (LB) method by using Technichon auto analyzer II (AA II)4). Serum triglyceride (TG) was measured according to the acetyl-aceton method5) in which TG is extracted with isopropyl alcohol, and interfering substances (saccharides and phospholipids) are removed by adsorbents and the TG is saponified by pottassium hydroxide to release glycerol. The glycerol is oxidized by metaperiodate to formaldehyde which reacts with acetyl-aceton and ammonia to form a yellow dihydrolutidine derivative, absorbing at 410nm. The CAD lipid standardization program, which conforms to that of CDC, consists of four parts.
Part 1 (Self-evaluation phase, using samples of known concentration):
The samples were control sera of known low, medium, and high concentrations. In a single run, each concentration was measured four times, and a total of six runs were performed. The results were subjected to self-evaluations based on the X-R control chart. In the case of TG, in addition to the control sera, 60 serum samples were prepared to permit double checking by the CAD. Ten samples were measured in each run, and a total of six runs were made. Self-evaluation was on the basis of correlation chart. This part was repeated twice for TG.
Part 2 (The CAD precision control phase, using samples of unknown concentration): The samples included unknown but generally low, medium, and high concentrations control sera, and 60 others to double-check random combinations of various unknown concentrations.
In a single run, each concentration was analyzed four times, with a total of six runs performed. Ten double serum samples were analyzed in each of six runs. The control sera results were plotted on X-R control chart, while the double sample results were reported to the CAD.
Part 3 (Standardization phase): Samples consisted of 30 control samples where concentration was completely unknown. In one run, three types were each analyzed twice, that is, two measurements were obtained for one. A total of 60 measurements were reported to the CAD. This was performed semiannually.
Part 4 (Long-term external quality control survey phase): The samples included 30 control preparations of three completely unknown concentrations. Ten runs were performed as in Part 3 above. Where field samples were available, they were measured. Accuracy was checked by the CAD. This part was performed twice annually.
If satisfactory results had not been obtained in any part, it was repeated 2 or 3 times. In principle, no more than two runs were performed during one week.
RESULTS

Standardization of total serum cholesterol measurements
(1) Part 1 (April to May, 1980): The individual averages of three sera concentrations were 3 to 7% higher than those obtained by the CAD, according to whose instructions adjustments were made in the standard calibrations of Technicon reference sera. The findings from three control concentrations fell within standard CAD ranges.
(2) Part 2 (June, 1980): The analytical values of control sera are shown in Table 1 . Figure 1 shows the correlation chart prepared by the CAD based on the OCU report. From this and the X-R control chart (Fig. 2) , the CAD judged Part 2 to be complete. Therefore, the standard calibration was readjusted (Part 3-2). Control sera analytical values were thus generally reduced, to 96 to 99% of the CAD values (Table 2 ). Since only the high control sera fell to any extent, the CAD advised that Part 3-3 should be performed using the standard calibrations of Part 3-1. As shown in Table 2 , the ratios of three concentrations to those by the CAD varied between 102, 98 and 95% and high concentration C still remained a low 95%. The linearity of the calibration curve was suspected by CAD, and investigations disclosed the main cause to be the colorimeter. The colorimeter required two months to be repaired and adjusted, after which calibration curve linearity was restored, and Part 3-4 was conducted using a stan- Table 3 . The control serum findings, compared with those from the CAD, were 100% for low (D) and medium (E) concentration sera, and 98% for high concentration sera (F), which were better than those of Part 3-4. Thus reproducibility had been maintained. Table 4 . In Part 2-1 the low concentration was 94% of that of the CAD. Although there was a high coefficient of determination, r2=0.978, and the regression line, y= 1.118x-10.592, most OCU values were unstable falling in a range of 91 to 101% (mean=96%), with the coefficient of variation (CV) ranging from 0.4 to 7.1% (mean=3.5%).
The standard deviation was larger than that of the CAD, and each mean OCU concentration was 4% lower. Accordingly, the present methodology was carefully reviewed, and the main problems were found in supernatant sampling of the deproteinized serum and serum sampling.
In Part 2-2, serum sampling and reagent injection were automated with an automatic dilutor, and the standard deviation was reduced for each concentration (CVs from 0.3 to 3.4%, mean CV=1.9%) ( Table 6 . The high concentration serum C (Part 3-1) was 95%, but was still within the CAD range. There was a high coefficient of determination, r2= 0.996, and y=1.069x-2.834.
In Part 3-2, the control sera of all three concentrations were 97 to 101% of the CAD values. Coefficient of determination was also satisfactory, r2=0.996, and y=1.055x-4.193.
The regression line was stable and almost identical to that in Part 3-1.
(4) Part 4 (August, 1981): The results are presented in Table 7 . All three concentrations were between 97 and 100% of the CAD values, r2=0.996 DISCUSSIONS
When the attempt was begun to standardize serum lipid measurements in 1979, CH was measured by a modified version of the Zak-Henly method (Za-H) [6] [7] [8] .
On the basis of this, our laboratory was certified after successful completion of Part 1 to 4 of the program over the course of approximately a year9). But, with the addition of the three problems discussed under introduction above, the Za-H method itself made it technically difficult to mix the samples with sulfric acid, and color presentations of the standard solution were unstable.
In fact, the same samples had to be remeasured because control sera were not within the range permitted by internal quality control.
In 1980, the installation of automatic analyzers made it possible to begin to standardize CH using the same method (LB) employed by the CAD. In Part 1 of LB standardization, self-evaluation was done only once because Za-H standardization had been complete by that time.
For Part 1 to 3, the CAD instructions were that all three concentrations should be under 100%. In fact, although the former were within the permissible CDC range, all three concentrations were 5 mg/dl higher than CDC reference values.
For this reason, standard calibrations were repeated, and in Part 4, the control sera were 97 to 100% of the CAD values, so that good reproducibility had been obtained. Accuracy under the CAD external quality control will be checked twice annually in the future. Now let us suppose that the CAD cumulative average is the CDC reference value, then do the present CH measurements satisfy the CDC reference value?
According to CDC calculations the mean (M) and standard deviation (S. D.) are obtained from double measurements of the three concentrations following Part 3. For example, assuming that the measurements for one run of a certain concentration are x and y, that their difference is D and that N is the for the high concentration (C) in Part 3-3, where, despite calibration readjustements, the analytical value was low, and a faulty colorimeter was the cause. Based on acceptable precision criteria, the upper limit of S. D. must be 7mg/dl for low and medium concentrations (100 to 199mg/dl), and 8mg/dl for high concentration (200 to 299mg/dl). All the S. D.'s of the CH measurements were less than 7mg/dl for c of Table 8 , or less than 8mg/dl for d. Therefore with the exception of Part 3-3, where there was autoanalyzer trouble, the criteria for precision and accuracy were met. Table 8 .
Standardization of serum triglycerides measurements
According to CAD evaluations, X-R control chart and correlation coefficients were satisfactory for Part 1-1. However, as experiments continued (Parts 1-2 and 2-1), only low concentration sera were lower than CAD values.
The operating methods were completely reviewed, and the serum sampling and reagent injecting procedures were automated, whereupon, both accuracy and precision were improved significantly (Part 2-2 in Table 5 ). Comprehensive reviews by the CAD of Part 1 to 4 shared stable levels for the present TG measurements although these were lower than all CAD values. As with CH, Ms and S. D.'s are obtained from the double measurements.
However, in the case of TG, as standard substances vary in molecular weight, it is necessary to convert them into the mM units when comparisons are to be made with other data. This unit is obtained by multiplying the mg/dl (mg%) value by a certain factor, which differs for each standard substance.
In the present case, since the standard substance was triolein, the factor was 0.0113. The Ms and S. D.'s from Parts 3 and 4 are summarized in Table 9 .
For TG measurements most M values were within b. On the other hand, according to CDC precision requirements, the upper limit of S. D. must be 7mg/dl (0.080mM) for low concentrations, and 8mg/dl (0.090mM) for medium or high concentrations.
Here c was found to be less than 0.080mM and d less than 0.090mM ( Table 9 ). The criteria for precision and accuracy has thus been met.
SUMMARY
In any epidemiologic study of cardiovascular disease, standardized total serum cholesterol (CH) and triglyceride (TG) measurements are indispensable if different studies are to be compared and secular changes within a group evaluated. In the present study, a lipid standardization program was begun in 1979 under the directions of the Center for Adult Diseases (CAD) in Osaka which had already standardized CH and TG as part of a joint program of the U. S. Center for Disease Control (CDC). After two years, this laboratory was found to meet both precision and accuracy criteria when measuring serum cholesterol and triglyceride using CDC reference values.
